Nicotinic Acetylcholine Receptors are Associated with Ketamine-induced Neuronal Apoptosis in the Developing Rat Retina.
Early synchronized spontaneous network activity is a hallmark of the brain growth spurt period, during which general anesthetics cause widespread neuronal apoptosis and subsequent cognitive dysfunction. However, the relationship of such activity to anesthetic-induced neuronal apoptosis remains to be determined. In this study, we utilized patch-clamp electrophysiological recording, immunohistochemistry, and TUNEL assays to investigate the potential roles of spontaneous network activity in ketamine-induced neuronal apoptosis during early development. All experiments were performed using acutely dissected whole-mount Sprague-Dawley rat retinas (0-14 postnatal days [P0-P14]). Ketamine reversibly blocked spontaneous network activity in the rat retina from P0 to P9 and irreversibly blocked such activity from P10 to P12. The peak of physiological and ketamine-induced neuronal apoptosis mainly occurred from P7 to P9. Blockade of nicotinic acetylcholine receptors (nAChRs) also induced reversible inhibition of spontaneous network activity from P0 to P7 and extensive neuronal apoptosis in the P7 rat retina, while activation of nAChRs or increases in endogenous ACh levels attenuated ketamine-induced apoptotic responses. Furthermore, blockade of α7-nAChR and ß2-nAChR subtypes induced neuronal apoptosis in the developing retina, while activation of the α7-nAChR subtype attenuated ketamine-induced apoptotic responses. These results demonstrate that ketamine may inhibit early synchronized spontaneous network activity by blocking nAChRs, and that such inhibition may contribute to ketamine-induced neuronal apoptosis in the developing rat retina.